Four Korean rye populations with B chromosome frequencies ranging from 15 to 55 per cent were electrophoretically analysed. The values of several components of fitness were also estimated in 1 year at a single density in plants with a different number of heterozygous loci and B chromosomes. All the fitness components decreased as the number of Bs per plant increased. A significant positive correlation between the number of heterozygous loci and both tillering and offspring was found. In addition, a significant negative correlation between the frequency of plants with Bs and the mean heterozygosity was observed. This latter relationship might be due to the high rate of selfing displayed by populations with high frequency of plants carrying Bs, leading to a low gemc heterozygosity.
Introduction
B chromosomes are widely distributed in rye populations. The viability of plants with Bs does not seem to be affected, while fertility decreases when the number of Bs increases (Romera et a!., 1989a) . The B chromosomes have a non-Mendelian mode of transmission and tend to increase in number by non-disjunction during both male and female gametogenesis (for a review see Jones & Rees, 1982) . It has been pointed out that the pollen from rye plants with Bs successfuly fertilizes more frequently than pollen from rye plants without Bs (Puertas & Carmona, 1976) . In addition, Cruz-Pardilla et a!. (1989) have studied the genetic structure and mating system of rye populations with Bs. They suggest that B chromosomes appear to promote outcrossing, at least in populations where self-fertilization is possible.
High frequencies of Bs are found in certain Korean populations. Although variation in B chromosome frequencies among these populations was found which was not related to any geographical or ecological dine, Romera et al. (198 8b) found a significant negative correlation between the frequency of plants with Bs in these Korean populations and the mean heterozygosity for certain isozymic loci.
In this work, we have studied four Korean rye populations by means of isozyme electrophoresis to analyse the relation between the number of heterozygous loci per plant, the number of Bs per plant and also some components of fitness.
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Materials and methods
Four Korean rye populations named Paldang, Gumsan 3, Gumsan 4 and Puyo, supplied by Dr Lee (Seoul National University), were analysed. The plants used in this study came directly from seeds from the original populations.
About 150 seeds per population were germinated in Petri dishes on wet filter paper at a temperature of 25± 1°C. One root per seed was cut off to determine its chromosome number. The seedlings were sown in an experimental field located at the Umversidad Leaf isozyme genotypes were analysed using only a small part of a single leaf in each plant and their offspring were individually collected in order to estimate five components of the fitness, namely: tillering (number of tillers producing seeds), mean number of flowers per ear, mean number of seeds per ear, fertility of female gametes (estimated by the ratio of the number of seeds produced by the total number of flowers), and total offspring (number of seeds per plant). Guard plants were included in the analysis because their means for the five fitness parameters studied in this work were not statistically different from those exhibited by the remainder of the plants.
The isozyme systems analysed were: glutamate oxaloacetate transaminase (GOT), phosphoglucomutase (PGM), glucose phosphate isomerase (GPI), malate dehydrogenase (MDH), 6-phosphogluconate dehydrogenase (PGD), acid phosphatase (ACPH), esterases (EST) and peroxidases (PER). We followed the protocols of Figueiras eta!. (1985) . The zymogram phenotypes of these isozyme systems, the nomenclature used and the loci chromosomal location were reported by Figueiras eta!. (1985 Figueiras eta!. ( , 1991 .
Results
The loci analysed in this work were: Got-3 (located at
Per-i (1RL) and Per-5 (2RS). The last six loci were invariant. Other peroxidase (Per) and esterase (Est) loci are polymorphic for null alleles and it is not possible to distinguish heterozygous from homozygous plants. Figure 1 shows the means of the five components of fitness in relation to the number of heterozygous loci Table 1 shows the relationships among the number of heterozygous loci per plant and the five fitness components. In this case we have used the pooled data for the four populations analysed; an increase in tillering and offspring as the number of heterozygous loci per plant increases can again be observed.
Linear regressions among the fitness components, number of B chromosomes per plant and number of heterozygous loci per plant were carried out on pooled data and are shown in Table 2 . Three main conclusions were obtained, namely: (i) the five fitness components all decreased as the number of Bs increased, (ii) there is weak negative correlation between the number of heterozygous loci and the number of Bs per plant, and (iii) there is positive correlation between the number of heterozygous loci per plant and both tillering and offspring. Because the Puyo population might have distorted the results we reran the analysis with pooled data from the three populations that showed a low percentage of plants with Bs and a similar mean heterozygosity (Paldang, Gumsan 3 and Gumsan 4). Here too tillering and total offspring increase as the number of heterozygous loci per plant increases.
The effect of each individual isozyme locus on the five fitness components studies was analysed (Table 3) . We found no significant positive or negative associations between specific isozyme loci and the five components. In spite of this, plants heterozygous for the loci analysed produced more fertile tillers and more seeds per plant than plants homozygous for the same loci (except for the Acph locus). Het.
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Discussion
When Romera et al. (1989a) analysed the same four populations, they found that B chromosomes did not affect viability, while fertility (seeds per plant, eggcell fertility, seeds/ear, flowers/ear) decreased as the number of Bs increased. They also found that the percentage of polymorphic loci was higher in the populations with a low frequency of plants with Bs than in populations with a high frequency of plants with Bs (Romera et a!., 1 989b) . Our results agree with all these previous data.
The Puyo population showed a maximum of three polymorphic loci per plant and a low mean heterozygosity. In the four populations used in this work the populations with a low frequency of plants with Bs showed a higher mean heterozygosity (Fig. 1) .
We observed a significant negative correlation between the number of Bs per plant and the number of heterozygous loci per plant (Table 2 ) when the pooled data from the four populations were analysed. However, this correlation was not significant when only the data of Paldang, Gumsan 3 and Gumsan 4 were used. This is because Puyo has a very high frequency of plants with Bs (51 per cent) and a much lower mean heterozygosity (0.12) than the other three populations examined. To avoid spurious relationships arising from this, we studied the correlations between the number of heterozygous loci and the five components of the fitness both in all four populations combined and also in the three that have a similar mean heterozygosity.
The plants with a higher number of heterozygous loci produced more fertile tillers and also more seeds per plant than the plants with few heterozygous loci (Tables 1 and 2 ). These relations were significant when the pooled data of the four populations were analysed.
Similar results were found when we studied the pooled data of Paldang, Gumsan 3 and Gumsan 4 populations. In this case, a significant and positive correlation was found between the number of heterozygous loci per plant and both tillering and the mean number of flowers per ear, but not between the number of heterozygous loci and seed per plant. The positive correlation between the number of heterozygous loci and tillering was also found individually in the Paldang, Gumsan 3 and Gumsan 4 populations.
The isozyme loci analysed in this work are located on A chromosomes (Figueiras et a!., 1985) and we do not expect a direct correlation between these loci and the B chromosomes. When we analysed the effect of individual loci in the different components of the fitness studied (Table 3) we observed no correlation between specific loci and either tillering and seeds per plant. Probably, the plants with few heterozygous loci are more inbred than the plants with many heterozygous loci, so we are estimating the level of the individual heterozygosity of a plant.
The JNK population has a high percentage of plants with Bs (65 per cent), a very high rate of selling, close to 35 per cent (Cruz-Pardilla et al., 1989 ) and a mean heterozygosity for isozyme loci of 0.14 (Figueiras eta!., 1988 Evidence for correlations between fitness traits and heterozygosity has been found in several animal and plant species (for a review, see Zouros & Foltz, 1987) .
In plants, growth rate is positively associated with allelic isozyme heterozygosity in Liatris cylindracea, pitch pine and quaking aspen (Schall & Levin, 1976;  
